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Answer sheet for Assignment 02 – MPZ 3132 

 

(01) (a) 

i).  In symbolic form the given equation may be written as  ��� � 4� � 4�� 	  �� � �
 � cos 2� 

The auxiliary equation is ��� � 4� � 4� 	 0 �� � 2�� 	 0                       ∴ � 	 2,2   (05) 

So complementary function is  �� 	 ��� � �������    (05) 

Where ��, �� are arbitrary constants. 

Particular Integral is  

� 	 �� �  �
 � cos 2���� � 4� � 4�  

     	  1�� � 2�� �� �  �
�� � 2�� � cos 2��� � 2�� 

     	  ��
"�2 #1 � $�%&� �  �
�1 � 2�� � cos 2���� � 4� � 4� 

� 	 14 '1 � �2()� �� � �
 � 14� cos 2� 

Putting ��� 	 �2�� 

� 	 14 *1 � 2 �2 � 3 ��4 , �� �  �
 � 14 - cos 2� .� 

     	 14 '�� � 2� � 2 34( �  �
 � 14 sin 2�2  

� 	 14 �� � �2 � 38 �  �
 � 18 sin 2� �30� 

Hence, the required solution of the given equation is  � 	  � � �2 

� 	 ��� � ������ � ��3  � �� � 45 � �� � �5 678 ��                   �9:� 

 

ii). .��.�� � 6 .�.� � 9� 	 1 � � � �� 

In symbolic form the given equation may be written as  ��� � 6� � 9�� 	  1 � � � �� 

The auxiliary equation is  ��� � 6� � 9� 	 0 
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�� � 3�� 	 0 ∴ � 	 3,3    (05) 

So complementary function is  �� 	 ��� � �����4�   (05) 

Where ��, �� are arbitrary constants. 

Particular Integral is  

� 	 1 � � � ����� � 6� � 9� 

      	  1�� � 3�� �� �  ��� � 3�� � 1�� � 3�� 

      	  1 � � � ��
"�3 #1 � $=%&� 

       	 19 '1 � �3()� �1 � � � ��� 

       	 19 *1 � 2 �3 � 3 ��9 � ⋯ , �1 � � � ��� 

       	 19 ?�1 � � � ��� � 23 �1 � 2�� � 13 �2�@ 

       	 19 �� � 139 � � 139 �20� 

Hence, the general equation is  

� 	 ��� � �����4� � ��A  � �4A � � �4A             �9:� 

iii). ��� � 2� � 1�� 	  ���
 

The auxiliary equation is  ��� � 2� � 1� 	 0 �� � 1�� 	 0   (05) 

So complementary function is  �� 	 ��� � ������   (05) 

Where ��, �� are arbitrary constants. 

Particular Integral is  

� 	 ���
��� � 2� � 1� 

     	   �
 1B�� � 1�� � 2�� � 1� � 1C �� 

	   �
 1�� �� 

      	   �
 1� �=3  
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� 	   �
 *�D12, �10� 

Hence, the general equation is  

� 	 ��� � ������ �  �� *�3��, �05� 

 

iv). .��.�� � � 	 �FG � � �
 sin � � ���
 ��� � 1�� 	  �FG � � �
 sin � � ���
 

The auxiliary equation is  ��� � 1�� 	 0 ∴ � 	 HI    (05) 

So complementary function is  �� 	 ��� JK6 � � �� 678 ��  (05) 

Where ��, �� are arbitrary constants. 

Particular Integral is  

� 	 1��� � 1� ��FG � � �
 sin � � ���
 

� 	  ��L� � �� JK6 � � ��L� � �� �� 678 � � ��L� � �� �����30� 

� 	 � � �2    (05) 

 

(02) (a) .��.�� � 4 .�.� � 13� 	 34�=
 

Take the trial function �M 	∝ �=
 .�M.� 	 3 ∝ �=
 9 ∝ �=
 � 12 ∝ �=
 � 13 ∝ �=
 	 34 ∝ �=
 �34 ∝ �34��=
 	 0 

Since �=
 O 0, ∝	 1, �M 	 �=
  (10) 

The auxiliary equation is  ��� � 4� � 13� 	 0 ∴ � 	 �2 H 3I    (05) 

The complementary function is  �2 	 �)�
�P cos3 � � Q sin3 ��  (05) 

Where A and B are arbitrary constants. 

The General solution is � 	 �)���R�ST4� � U 6784 �� � �4� (05) 
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(b)  

Particular Integral is  � 	 1��� � 2� � 2� 5 sin 3� 

� 	 1�� � 2��� � 1� 5GIV3� 

� 	  13 W 1�� � 1� � 1�� � 2�X 5 GIV3� 

� 	  53 W 1�� � 1� sin 3� � 1�� � 2�  GIV3�X 

� 	  53 W�
 1� �)
sin 3� .� � �)�
 1� ��
sin 3� .�X 

� 	  53 W�
 - �)
sin 3� .� � �)�
 - ��
sin 3� .�X 

� 	  53 Y�
 �)
10 �� sin 3� � 3ZFG3�� � �)�
 3��
13 �23 sin 3� � ZFG3��[ 

� 	  53 W 110 �� sin 3� � 3ZFG3�� � 113 �2sin 3� � 3ZFG3��X 

� 	  53 \ 130 ]� 13sin 3� � 39ZFG3� � 20sin 3� � 30ZFG3�^ 
      	 178 ��33sin 3� � 9ZFG3�� 

      	  ��11sin 3� � 3ZFG3��26                                        �20� 

The auxiliary equation is  ��� � � � 2� 	 0 �� � 2��� � 1� 	 0 ∴ � 	 �2 `V. � 	 1                      (05) 

The complementary function is  �2 	 ���)�
 � ���
     (05) 

Where �� and ��are arbitrary constants. 

The General solution is   � 	 �� �)�� � ���� � ��a ���� 6784 � � 4�ST4�� �05� 

(03)  

(a) 

b cd�e�f 	  - �)ghd�e�.ei
j

 

                	  - �)gh�3�.e � - �)ghe�.ei
k

k
j

 

                	  3 l�)gh�G mj
k � - e� ..e *��)ghG , .ei

k
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                	  �35 ��)kg � 1� � l�)gh �e�G mk
i � 2G - e�)gh.ei

k
 

                	  35 �1 � �)kg� � 25G ��)kg� � 2G *e�)gh�G ,k
i � 1G - �)gh.ei

k
 

                	  35 � 22G ��)kg� � 2G� �5�)kg� � 2G� l�)gh�G mk
i

 

                	  35 � 22G ��)kg� � 10G� ��)kg� � 2G= �0 � �)kg� 

                	  35 � �)kg '22G � 10G� � 2G=( �10� 

(b) 

b cn�e�f 	  - �)ghn�e�.ei
j

 

                	  - �)ghn�e�.e � - �)ghn�e�.ei
o

o
j

 

                	  - �)gh 0 .e � - �)ghn�e � `�.ei
o

o
j

 

b�e p 	 e � ` ⟹ .p 	 .e 

b cn�e�f 	  - �)g�rso�d�p�.pi
j

 

                	 �)go - �)grd�p�.ei
j

 

                	 �)ogt�G�   (15) 

(c) i). d�e� 	 ZFG�`e  
b cd�e�f 	  - �)ghZFG�`e .ei

j
 

                	  - �)gh cos 2`e � 12  .ei
j

 

                	 12 u- �)gh cos 2`e .e � - �)gh.ei
j

i
j

v 

                	  12 W G�G� � 4`�� � 1GX 

                	  12 * 2G� � 4`�G�G� � 4`��, 
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                	  G� � 2`�G�G� � 4`�� �15� 

ii).F�t� 	  �)=h sin 5e 

b cd�e�f 	  - �)gh�)=hGIV5e .ei
j

 

b cGIV5ef 	 5G� � 25 

b c�)=hGIV5ef 	 5�G � 3�� � 25 �15� 

 

iii). F�t� 	  e�)=h sin 5e 

b cd�e�f 	  - �)ghe�)=hGIV5e .ei
j

 

b c�)=hGIV5ef 	 5�G � 3�� � 25 

We know that t�G� 	 bcd�e�f ⇒ tz�G� 	  �bced�e�f ∴ bce�)=hGIV5ef 	 � ..G ' 5�G � 3�� � 25(                                	 �5��1�]�G � 3�� � 25^)�. 2�G � 3�                               	 10�G � 3�]�G � 3�� � 25^� �15� 

(04)   

(a) i).�zz � 3�z � 10� 	 2       , ��0� 	 1, �z�0� 	 2 

Take the Laplace transform on both sides: 

Let L {y(t)} = y(s) , and then G���G� � G��0� � �z�0� � 3�G��G� � 1� � 10��G� 	 25 

G���G� � G � 2 � 3�G��G� � 1� � 10��G� 	 25 

�G� � 3G � 10���G� 	 2G � G � 1 	 G� � G � 2G  

��G� 	 G� � G � 2G�G� � 3G � 10� 

��G� 	 G� � G � 2G�G � 5��G � 2� G� � G � 2G�G � 5��G � 2� 	 PG � Q�G � 5� � ��| � 2� 

                               	 P�G� � 3G � 10� � Q�G� � 25� � ��G� � 5G�G�G � 5��G � 2�  |�e G 	 0, }� ~�e � 10P 	 2, ⟹ P 	 �1/5 |�e G 	 5, 35Q 	 22, ⇒ Q 	 22/35 
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|�e G 	 �2, }� ~�e 14� 	 4, ⇒ � 	 2/7 bzc��G�f 	 b′ '�1/5G ( �  b′ '22/35G � 5 ( � b′ ' 2/7G � 2( 

                 	 �15 � 2235 �kh � 27 �)�h�25� 

ii).�zz � 9�z 	 ZFG2e       , ��0� 	 ��, �z�0� 	 �� 

Take the Laplace transform on both sides: G���G� � G��0� � �z�0� � 9��G� 	 GG� � 4 

Since ��0� 	 ��, �z�0� 	 �� �G� � 9���G� � G�� � �� 	 GG� � 4 

�G� � 9���G� 	 GG� � 4 � G�� � �� 	 G � �5�� � ����G� � 4�G� � 4  

��G� 	 G � �G�� � ����G� � 4��G� � 4��G� � 9�  

��G� 	 1G5�G� � 4� � #�� � �k% G � ���G� � 9�  

Taking inverse Laplace transforms, ��e� 	 15 cos 2e � '�� � 15( cos 3e � ��3 sin 3e �25� 

 

(b) bce�f 	 V!G�s� 

Ifn=1, 
bcef 	 - e�)gh.e 	i

j
le�)gh�G mj

i � 1G - �)gh.ei
j

 

l                                  	 �1G� �)gh�j
i 	 1G� 	 �. �. |. 

Hence true for n=1. 

We assume true for n=p. ∴ bce f 	 �!G s� 

Then we want to show that true for n=p+1 

From Laplace transform of integral (Theorem 1.5)  

If bcd�e�f 	 t�G�, then 

b �- d�e�.ei
j

� 	 t�G�G  

Therefore, 

bce s�f 	 �� � 1�bc- e .ei
j

f 
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                	 �� � 1�t�G�G  

                	 �� � 1�G  bce f 	 �� � 1�G �!|� s�� 
                	 �� � 1�!G� s��  

Here true for n=p+1    (20) 

Hence by the mathematical induction result true for any positive integer n. 

 

(b) i). b)� ? 2G � 5G� � 4G � 15@ 	  b)� ? 2G � 5�G � 2�� � 9@ 

                                     	  b)� �2�G � 2� � 1�G � 2�� � 9� 

                                     	  2b)� � �G � 2��G � 2�� � 9� � 13 b)� ? 3�G � 2�� � 9@ 

                                     	 2��
 cos 3� � 13 ��
 sin 3� 

                                     	 ��
3 ]6cos 3� � sin 3�^�25� 

ii). b)� ? 1G�G � 2�=@ 1G�G � 2�= 	 PG � Q�G � 2� � ��| � 2�� � ��| � 2�=                    	 P�G � 2�= � Q�G � 2��G � ��G � 2�G � �G 
 |�e G 	 0, ⟹ 8P 	 1, ⟹ P 	 1/8 |�e G 	 �2, ⟹  �2� 	 1, ⇒ � 	 �1/2 |�e G 	 1, ⟹ 27P � 9Q � 3� � � 	 1 9Q � 3� 	 1 � 12 � 278 	 8 � 4 � 278 	 �158  

3Q � � 	 � 58 ⟶ �1� G 	 �1 P � Q � � � � 	 1 �Q � � 	 1 � 12 � 18 	 8 � 4 � 18 	 38 ⟶ �2� �1� � �2� ⇒ 2Q 	  � 28 ⟹ Q 	 � 18 �1� ⇒ � 	  � 58 � 38 	 � 28 
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∴ b)� ? 1G�G � 2�=@
	 18 b)� '1G( � 18 b)� ' 1G � 2( � 18 b)� � � ���G � 2��� b)� ' �1/2�G � 2�=( 

                           	 18 � 18 �)�h � 28 e�)�h � 12 e��)�h           �25� 


